Abstract. In recent years, the cooperative control problem of multi-agent system has attracted the attention of researchers. Multi-agent system is composed of many autonomous agents, which is an important and basic research on multi-agent system cooperative control Content is the design of distributed controllers, so that the state of all agents or output tends to a common value. The cooperative control problem of multi-agent system includes three types: one is the convergence of non-leading agent; the other is the distributed tracking control problem of one leading agent; the other is the control problem of multiple leading agents. For the third category, this paper studies a cooperative output regulation and inclusion problem for a class of output feedback nonlinear agents. The relative order of all following agents is equal. When the relative order is larger than 1, only the distributions of intima are included which cannot solve the problem of co-output regulation. Therefore, a distributed controller is designed by recursive control design method, and the results are analyzed by experimental simulation.
Introduction
Multi-agent system is divided into homogeneous multi-agent system and heterogeneous multiagent system. The convergence control of homogeneous multi-agent system is dominated by state convergence. Heterogeneous multi-agent system as a result of the number of agents may not be the same dimension, the convergence control is dominated by output convergence. In the initial stage of multi-agent system research, it is mainly homogeneous multi-agent system. This is because the system equations of each agent in heterogeneous multi-agent system may not be the same, which increases the difficulty of convergence controller design. Output adjustment theory is just a good tool to deal with heterogeneous multi-agent system, because the output adjustment uses the measurement output to design the controller, and heterogeneous multi-agent system convergence is the design of the controller so that each agent output convergence.
In recent years, the collaborative output regulation and inclusion control of multi-agent systems have been greatly developed. The dynamic observer based on distributed observer solves the cooperative output regulation problem of linear multi-agent system under fixed topology and switched topology. The problem of cooperative output adjustment for uncertain linear multi-agent systems is studied [1] . The study results are extended to the nonlinear multi-agent system [2] , and a distributed k-th order robust controller is given, but the result is local [3] . The problem of cooperative output adjustment for nonlinear multi-agent systems is studied [64] . However, the nonlinear systems studied are nonlinear systems with relative order 1. The inclusion control problem of heterogeneous linear multi-agent systems is studied [4] . The adaptive and robust control methods are used to study the inclusion control problem of linear multi-agent systems in which the leading agent and the following agent are uncertain [5] .
In this paper, we study the problem of co-output adjustment and inclusion control for a class of output feedback nonlinear multi-agent systems. The relative order of all following agents is equal. When the relative order is larger than 1, the distributed dynamic controller containing only the internal model cannot solve the problem of co-output regulation. For this reason, we design the distributed controller with recursive control design method. For the inclusion of control problems, the distributed controller is designed so that the output of each follower agent enters into the convex hulls output by the leading agent.
Problem Description
Consider the following heterogeneous output-feedback nonlinear multi-agent system.
is the observable standard model.
is the i-th agent state, i n is the order of the i-th agent, i y and R ui  are the output and control input of the i-th agent respectively. We denote the information exchange of the multi-agent system by using directed graph G(V, ε, A). Where v , , … , for each agent, ε ⊆ V V for the exchange of information between agents, and A , ∈ for the weight of the information exchange , 0 . represents the external system, 1,2, … , represents each agent. When the tracking signal and disturbance signal are generated by an external system, the asymptotic tracking problem and the disturbance rejection are called the output regulation problem. One of the basic assumptions to solve the output regulation problem of nonlinear systems is that the external system is neutral stable.
Design of Distributed Dynamic Controller
Consider the augmentation system of i agents.
Where 
Where
, … , is generated by the recursion rule , ,
This transformation transforms the augmented system (2) into the form:
, ∈ , is a nonzero real number, filtering transforms the system (2) with relative order r into a system with relative order 1 (4). In addition, the following coordinate changes change system (4) to system (6). 
. Consider the following system:
The assumption of the minimum phase is to ensure that there is an invariant waveform as described above. When the trajectory of the i-th agent tends to prevail , the error will also tend to zero.
Data Simulation
Consider a multi-agent system composed of five multi-agents, i = 0 for external systems. 2,3,4 , each agent is a nonlinear system with relative order r = 2, the first and second agents are described in the following system. 
The dynamic controllers of the third and fourth agents are: 
The simulation results shown in Figure 1 and Figure 2 . After the above simulation and analysis, we transform the control problem of multi-agent system into the cooperative output regulation of leader-follower type multi-agent system. Let w , … , , γ , … , then 1, … , ) is the convex combination of the leading agent output. Let be the target tracking trajectory of the ith following agent, so that we define the tracking error for each following agent , 1, … , . From the simulation results, the error is within the ideal range.
Conclusion
In this paper, the output-feedback nonlinear multi-agent system is studied in this paper. The difference is that the relative order of the nonlinear system is larger than 1. When the relative order of the nonlinear system is greater than 1, the distributed controller composed of only the internal sense is not enough to solve the problem of cooperative output regulation. Using the recursive control method, a distributed dynamic controller is presented to ensure that the output of the following agent enters the convex hull produced by the leading agent output. Finally, a simulation is given to verify the effectiveness of the proposed algorithm.
